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FGzG ROCKY FLATS 
EG&G ROCKY FLATS, INC 
FlOCKy FLATS PLANT P 0 BOX 464, GOLDEN COLORADO 804024464 (303) 966-7000 

5 90- R F-6094 

Robert M Nelson, J r  
Manager 
DOER- 

Attn J Kiefer 

Enclosed is a draft letter (with four enclosures and videotape) to the Colorado Department 
of Health (CDH) which requests a change to intenm status and provides information 
requested by CDH 

Specifically, this letter requests that CDH approve use of floating aerator units in the 
207A and 2078 Solar Evaporatmn Ponds to enhance evaporatlon of water in those ponds 

In 2 telephone conversatron with J Kiefer (RFO) and A Schubert (EG8G) on June 29, 
1990, Dr F Dowsett (CCIH) stated that use of the floating aerator units would not require 
submittal of a Part A Permit Application Dr Dowsett further stated that CDH required 
only a letter requesting a change to interim status that inciudes engineering details on the 
installation, operational procedures and methods for containing the aerators' spray within 
the boundaries of the ponds CDH approval of this change is necessary to remove the liquids 
remaining in the ponds by the October 1991 date agreed to in the Agreement in Principle 
between 0 0 E and the State of Coloraao 

If you have any questions or require additional information, please contact Allen Schubert 
at extension 5251 or Kirk Ticknor at extension 6344 Additionally, please contact us if 
you wish us to deliver this document to CDH for you. 

- 
- 

General Manager - 
tion 8 Waste Management 

KWT plf 

Ong. 2nd 1 cc - R.M. Nelson, Jr 

Endosure- 
As stated 
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DRAFT DRAFT 

Dr Fredenck R. Dowsett, Unit Leader 
Monitoring and Enforcement 
Hazardous Matenals and Waste Management Division 
Colorado Department of Health 
4210 East 1 1  th Avenue 
Denver, Colorado 80220 

DRAFT 

.I -- 

Dear Dr Dowsett 

The Agreement in Principle between the U S Department of Energy and the Sbte of 
Colorado dated June 28, 1989, requires the Solar Evaporation Ponds be dried and the 
remaining sludge be removed by October 1991 
those ponds will not dry the ponds by that date 

However, the current evaporation rate in 

In order to meet the October 1991 date for cleanup of the solar ponds, various techniques 
are being considered to enhance evaporation of the water in the solar ponds One technique 
is the use of floating aerator units in the 207A and 2078 Solar Evaporation Ponds to 
enhance evaporatton Those aerator units will spray pond water four feet into the air to 
increase the surface area of the water that is in direct contact with the air That will 
increase the evaporation rate in the ponds 

A total of six floating aerator units will be installed (three in the 207A pond and one in 
each of the 2078 ponds). The aerator units are adjustable to create a spray diameter of 
approximately 40 to 60 feet The aerator units will be adjusted to a spray height of 
approximately four feet and a flow rate of approximately 1500 gallons per minute The 
aerators will be automatically shut down when their velocity elements at the anemometers 
detect a wind speed that exceeds the maximum allowable wind speed for aerator operation 
The videotape that IS included with this request provides a visual demonstration of lhe 
performance of an aerator unit 

In a telephone conversation on June 29, 1990, you stated that this technique would not 
require submittal of a PartA Permit Application You further stated that use of the 
aerator units would require a letter to the Colorado Department of Heaith (CDH) requesting 
a change to intenrn status that includes engineering details on the installation, operational 
procedures and method for containing the aerator's spray within the boundafles of the 
ponds. 

The enclosures to this letter provide the information you requested on June 29, 1990. 
Specrfically, Endosure (A) provides a syslem description, Enclosure (B) provides details 
on installation. Encbsure (C) provides the operating procedure, and Enclosure (D) 
provides engineenng calculations to determine the maximum allowable wind speed for 



operatlon of the floatmg aerator units. Based on those calculations, the inibal set point for 
the maximum allowable wind speed will be 20 miles per hour. In addibon to the 
calculatmns, the accsptabdrty of the maximum allowable wind wed will be venfied by 
test plor to operatton Based on the results of that test, the set point for wind trip speed 
will be adjusted up or down and the operating procedure revtsed accordingly. 

This letter requests that CDH approve the change to intenm status for use of the floating 
aerator units to enhance evaporation in the solar ponds. This request is being made in 
accordance wth the requirements of the Colorado Hazardous Waste Regufatrons, 
6 CCR 10074, Section 100 20. 

If you have any questions, please call Jim Kiefer of my staff at 966-5924 - -  --- 
Endosurss. 
Asstated 

cc: 
J M. Kersh, EG8G Rocky Flats, Inc. 
A L Schubert, EG&G Rocky Fiats, Inc. 
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PIE.  0. L. Hoyt 
EXT: 6063 
Date: 5/29/90 

DESCRIPTION OF HORK FUR INSTALLATION OF FLOATING EYAPORATTON UNITS. 

the evaporation praczss. The spray should be adjusted to provide fine water 
droplets, a spray height o f  approximately 4 feej;a$and a spray diameter of 
approximately 40 feet or more i f  possible. 

--- - - 
Floating aerator u n i t s  will be insalled *ij the 207 ponds to aid i n  

- Assemble floatTng aera t o  rs and atttach 7 ow hei g h t  adaptors. 

r In Pond 207A. I 

- Attach clips and rope t o  3 aerators as shown i n  Details 2 
and 3 A 7 1  three u n i t s  will be connected. 

- Tie rope t o  clips and attach clip t o  a t  least one anchor 
(aireddy present around the 207A pond). 

- Place aerators i n  pond while holding remaining rope lines 

- Go around pond and sequentially at*ach clips and rope lines t o  
existing anchors as shown i n  Drawing # 39176-501. 
rope coiled as shown for 'later retrieval. 

Leave excess 

- Adjust  and tighten as needed leaving same slack ( approximately 
1.5' to 2 ' )  i n  lines f o r  variations I n  water depth.  

In Ponds 2078N, 207BC, and 2078s 

- Screw in fence post anchors as shown in Detail I ,  Drawing I 
39176 -501. 

- Attaca clips and rope b aerator as shown I R  Details 2 and 3. 

_-  - - Tie rope t o  one anchor 

- Place aerator i n  pond while holding o t h e t 2  rape lines. 

- Go around pond and sequentially attach rope lines t o  anchors 
as shown in Drawing B 39176-501. 
shown f o r  later retneval. 

Leave egcess tope Coiled as 

- Adjust and tighten as needed leaving s ome~ack  (approximately 
1.5' to 2') i n  lines for variations i n  water depth. 
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1 1  

1.2 

1 3  

1 4  

1.5 

1 6  

1 7  

HIGH-LEVEL PROCEDURE 

Fioating Aerator Units 

Before starting the floatmg spray pumps verify 

a 
b 

--- 
that the Anemometer Switch IS operational (turned on) 
that the Anchor Ropes are secure 

To start the spray pump turn the Power Disconnect Switch to the "ON" position, then 
turn the Control Selector Swrtch to the "AUTO" position 

Once a spray pump IS turned on, vedy 

a. 
b 
c 

that the spray is not reaching the pond's berm 
that the spray height IS approximately four feet 
that the spray pump is delwenng an even spray 

If any of these candittons are not met, shut off the spray pump immediately and notify 
supervision 

Enter the time the spray pump was started in the Pond Aeration Log Book. 

Every four houn inspect the Pond Aeration System to see that the conditions in Sectron 
1 1 and 1.3 are met If any conditron is not met, shut off the spray pump immediately 
and notify supervision Enter the inspection time and resuits in the Pond Aeration Log 
Book If the Pond Aeraaon System has automatically shut down, do not attempt to 
manually ovemde the system Notify supervision immediatety 

Shut the Pond Aeratron System down by turning the Control Selector Switch to the " O F  
position, then turning the Power Disconnect Swtch to the "OFF' position 

Enter the trme and reason the spray pumps were shut off in the Pond Aeration Log Book. 
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STONE 6 WEBSTER ENGINEERING CORPORATION 
5500 SOUTH QUE3EC STREET 

ENGLEWOOD, COLORADO 801 11 
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Ernie Lombard1 
Senior Research S p e c i a l i s t  
EG&G Rocky F l a t s  P l a n t  
P . O .  Box 4 6 4  
Golden, CO 80402-0464 

September 6 ,  1 9 9 0  

J.O. No. 01336.08 _ _  --- SW/EG&G-04 9L 

SPRAY EVAPORATOR DROPLET D R I F T  
SOLAR POND EVAPORATION PROJECT 
EG&G ROCKY FLATS SUPPORT SEXVICES 

You asked t h a t  we recommend an i n i t i a l  setting f o r  t h e  wind 
anemometer that  w i l l  c o n t r o l  the spray evaporators rn t h e  solar 
ponds. Based on t h e  fol lowing,  we recommend an i n i t i a l  s e t t i n g  o f  
20 miles per hour, t o  be adlusted up or down as e x p e r i e n c e  
i n d i c a t e s .  N e v e r t h e l e s s ,  regardless of the i n i t i a l  s e t t i n g  t h a t  you 
decide to use, we b e l i e v e  t h a t  it i s  only prudent t o  turn o f f  a 
p a r t i c u l a r  spray a e r a t o r  before working downwind of it i n  the pond 
area. In a d d i t i o n ,  u n t i l  experience is gained with this s e t t i n g ,  
the d i s t a n c e  downwind t h a t  the spray a c t u a l l y  t r a v e l s  should be 
recorded as a f u n c t i o n  of wind v e l o c i t y .  

The d e t a i l e d  i n v e s t i g a t i o n  leading up to the f o r e g o i n g  
recommendation w i l l  be covered Ln the f i n a l  r e p o r t  of this p r o 3 e c t .  
The f i n a l  r e p o r t  w i l l  also include a l l  of  the n e c e s s a r y  
assumptions, although some o f  these w i l l  be b r i e f l y  o u t l i n e d  below. 
For the most p a r t  these assumptions a r e  very c o n s e r v a t i v e .  

For example, we assumed t h a t  the wind v e l o c i t y  measured by the 
anemometer is  the same a t  the vater  s u r f a c e ,  when t h e  reality is 
the wind v e l o c i t y  a t  t h e  water surface will be less. I n  a d d i t i o n ,  
even though the equation that was developed (see attachment) 
a c t u a l l y  gave wind v e l o c i t i e s  somewhat i n  excess o f  20 miles per 
hour, we chose the lower f i g u r e  because the data used t o  c a l i b r a t e  
the equation went t o  a m a x u P u m  velocity of 20 miles p e r  hour, 

The only d a t a  t h a t  we had to develop t h i s  equation was t h e  verbal 
n a r r a t i v e  on the v i d e o t a p e  made o f  these sprayers,  All of t h i s  data 
i s  contalned i n  t h i s  paragraph. W i t h  the 4 f o o t  spray height 
settmg, the diameter o f  the spray is 35 feet. The manufacturer 
stated that there is  no drift loss a t  wind v e l o c i t s e s  of 20 
m L l e s / h o u  (mph) even w i t h  gusts t o  25-30 mph. A t  the 5 foot 
s e t t i n g ,  the spray diameter i s  55-60 f e e t .  The spray d r o p l e t  szze 
1s s l i g h t l y  smaller than a t  the 4 f o o t  settzng. The spray droplets  
were descrlbed as "large". The reason f o r  th i s  l u n i t e d  information 
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is due t o  the f a c t  t h a t  these are custom manufactured spray 
evaporators f o r  the Rocky F l a t s  s o l a r  ponds. 

When Mter sprayers are standard off-the-shelf items, the 
manufacturer's data m c l u d e s ,  as a function of operatrng pressure, 
the spray droplet s i z e  distrzbution,  r a t e  of discharge (volume per 
u n i t  tlme), and cone angle. Knowing the s i z e  of  the spray openlngs 
and the number o f  them, the i n i t i a l  v e l o c i t i e s  of the spray 
droplets can be calculated along w i t h  their horizontal and vertical 
components. 

Given the l u u t e d  amount of information a v a i l a b l e ,  a srmple model 
was developed to estlmate the l i m i t i n g  wind v e l o c i t y  as a function 
o f  the average horizontal v e l o c i t y  of the spray droplets (which the 
smple model permits the calculation of), the height of t h e  spray 
above the water surface, the v e r t i c a l  d i s t a n c e  between t h e  t o p  o f  
t h e  spray and the run of the pond, and the distance from the 
c e n t e r l i n e  of the spray aerator t o  the nearest part o f  the pond 
rim. 

I n  order t o  calrbrate this simple model, data from the following 
reference was used: 

Concentration of Bri nes bv SDrav EvaDoration, by G.O.G. Lof, 
John C. Ward, S .  Karaki, and A.  Dellah, United States 
Department o f  the I n t e r i o r ,  January, 1972. For sale by the 
Superintendent of Documents, 0. S . Government P r i n t i n g  O f f  ice,  
Washington, D.C. 20402, Stock Number 2400-0728. 

S p e c i f i c a l l y ,  t h i s  data was obtained from Table 1 7  on page 77 of 
t h e  above reference. The data was f o r  water sprayers operating a t  
a pressure of 10 p s i ,  where the base o f  the sprayer was 5 feet 
above the water surface. This i s  an a d d i t i o n a l  conservative f a c t o r  
because the spray height is obviously g r e a t e r  than 5 f e e t .  The 
values used were the m a x m m  radius of t h e  spray i n  the downwind 
d i r e c t i o n  for wind v e l o c i t i e s  of 0, 5 ,  10, and 20 mph. 

From this data, the r a t i o  of the spray radius a t  a given wind 
v e l o c i t y  t o  the spray radius for no wind was c a l c u l a t e d .  This r a t i o  
was p l o t t e d  as a function of wind velocity. On the same graph, the 
uncallbrated form of the l l m i t i n g  wind v e l o c i t y  equation was a l s o  
plotted and was a f a l r  approxlmatzon f o r  the 3/4A50 spray nozzle 
which has a geometric mean spray d r o p l e t  diameter o f  0 . 1 6 2  an. 
Because the l a r g e s t  spray nozzle (the 3/4A120) has a geometric mean 
spray diameter a f  0.335 cm, the equation developed was a l r e a d y  
conservative even before c a l l b r a t i o n .  

If the wlnd v e l o c i t y  is less than the i n i t i a l  horizontal  component 
of the spray droplet v e l o c i t y ,  the largest drops go further 
downwlnd than the small drops. Also, i f  the wind v e l o c i t y  is 
greater than the r n i t i a l  horizontal component of the spray droplet 
v e l o c i t y ,  then the small drops go further downwind than the large 
drops. Because, MI general, t h i s  l a t t e r  case 1s the one of i n t e r e s t  
here, choosmg data from a smaller drop s i z e  distrlbutxon is the 
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more conservative estlmate, 

Consequently, the data from the 1/2A25 spray nozzle w i t h  a 
geometric mean spray droplet diameter of 0.105 QP was actually used 
to calibrate the equation m order to make the estlmate even more 
consematme, 

from a consideration of the height and radius of the spray w i t h  no 
wind, we calulated the followrng mitral horizontal velocities: 

A t  the 4 foot  spray height, 12 mph 
At the 5 foot spray height, 18 mph - --- 

Given the above, we calculated the f o l l o v i n g  l lmsting wlnd 
velocities for each pond based on the freeboard measurements that 
EGbG personnel made on July 2 6 ,  1990 (July 25,  1990,  for pond 
207C). These are given III the following table f o r  spray heights  o f  
4 and 5 feet: 

Pond Freeboard Luaiting wind velocity, mph 
on 26 Jul 9 0 ,  
feet 4 foot spray 5 foot spray 

height height 

207A 2.44 30  22 
207B North 2.39 32 24 
2078 Center  2.68 34 2 5  
207B South 3.12 35 2 5  
207C 4.27 NA 27 

The choice o f  whether to start  w i t h  either a 4 or 5 f o o t  setting 
we leave up to you, but believe there appears t o  be no real reason 
f o r  not s t a r t i n g  w i t h  the 5 foot spray height. If I can be of any 
further assistance,  please call me at 273-6114. 

John C. Ward, Ph.D., P.E., DEE 
Supervrsor, Environmental Engineermg 

Copies to: 
R.V. Morgan 
D. Shepherd 
R. James 



In the follmmg equation, the varzables are defmed as follows: 
m 1s the llrmturg w m d  velocity ur nules per hour 
H LS the horzzorrtal carry of the spray droplets downwmd of 

the spray eMporator, feet, H ls therefore also the 
mnmurn -ce between the centerline of the sprayer 
and the nearest part of the pond run. 

of the pond rm, feet 

feet 

the horizontal plane when there LS no wrnd, feet/second 
For the 5 foot b g h  spray settmg, v s 25.7 feet/second, and for 
the 4 foot hrgh -say settmg, v 1s 17.5 feet/second. In pond 
207A, if 3 spray evaporators are used, then the value of H 1s 88 
feet. In ponds 207B North and 207B Center, 11 xs 93 feet. In pond 
207B South H 1s 90 feet, and it is 81 feet m pond 207C. O n l y  one 
spray eMporator WLU be used m each of the last 4 ponds (it i s  
Stone €i Webster's und-g that pond 207C w i l l  not have a 
spray aerator). 

For the example, we w l l l  use the July 26, 1990, observation on 
pond 207A, namely 2.44 feet of freeboard. We w f l l  assume the 
spray height above the water surface is 5 feet. Therefore, in the 
f ollovlng equaaon, 

D 1s the dcstdnce between the top of the spray and the top 

d ~b the h a g h t  of the spray above the pond water surface, 

v 1s the overall average velocity of the spray droplets ~fl 

H := 88 D *= 2.56 d := 5 v := 25.7 

H 
m := 1.34 - 0.335 v 

$;; + 
m = 22-13 
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